Abstract-Recently, Internet Engineering Task Force (IETF) standardized a powerful and flexible routing protocol for Low Power and Lossy Networks (RPL). RPL is a routing protocol for low power and lossy networks in the Internet of Things. It is an extensible distance vector protocol, which has been proposed for low power and lossy networks in the global realm of IPv6 networks, so it selects the routes from a source to a destination node based on certain metrics injected into the objective function (OF). There has been an investigation of the performance of RPL in the lighter density network. This study investigates the performance of RPL in medium density using of two objective function in various topologies (e.g. grid, random). The performance of RPL is studied using various metrics. For example, Packet Delivery Ratio (PDR), Power Consumption and Packet Reception Ratio (RX) using a fixed Packet Reception Ratio (RX) values.
INTRODUCTION
Internet of Things (IoT) is a technology in which everyday objects form an Internet network through where they can communicate with each other. The Internet of Things is a huge network of things or objects that can be embedded with a unique ID which then allows it to be connected to the internet, this huge network allows the devices to exchange data simultaneously for its specific purpose. The IoT allows the object to sense and collects data in the existing network infrastructure, which then will create opportunities for the realtime integration between the Machines and the physical world, this will result in economic benefit, improved accuracy and efficiency. The Internet Engineering Task Force (IETF) STANDARDIZED a powerful and flexible Routing Protocol for Low Power and Lossy Networks (RPL). It selects the ideal routes from a source to a destination node based on certain metrics injected into the Objective Function (OF). Previous studies. Many previous studies have investigated the performance of the OF0 and MRHOF objective functions in the light density network. This study will investigate the performance of the two OFs using various metrics like Packet Delivery Ratio, Energy Consumption in the medium density network. In this study, the performance of RPL will be investigated in terms of two Objective Functions under two topologies (grid, random) which make this work distinctive. To study the RPL performance, various metrics are considered Packet Delivery Ratio (PDR), Power Consumption and RX.
The evaluation will be conducted based on these parameters (RX, topology) and compared for both OFs within a medium density network. In [1] , Objective function Zero is the default Objective function in the Routing Protocol for Low-Power and Lossy Networks, OF0 is simple, it selects its parent depending on the minimum ranks of the neighbors. The node rank is usually an integer, it represents the nodes location. The most common objective function in RPL is Of0, This objective function permits the upward traffic to be routed through the selected parent (preferred parent) without performing any load balancing. In [2] , Minimum Rank with hysteresis Objective Function (MRHOF) was proposed, it is commonly used for metrics as it is based on metric-containers, the container is used to determine the features and the nature of routing objects, this objective function the path cost is equal to the cost of the selected metric, from a child node to the sink node through its neighbors. The route cost is calculated by the node by adding the two components, the cost of the nominated measurement and the selected measurement for the connection to a nominee neighbor.
II. RELATED WORK
The growing attention of the research and industrial communities towards RPL is sworn from the amount of the recently published research, where RPL performance has been studied under the umbrella of different contexts and platforms. The authors of [3] [4] [5] show the effectiveness of RPL pertaining to exiguous delay, quick configuration, and self-healing. RPL is a Distance Vector IPv6 routing protocol designed for Low Sensor Networks, it is specifically designed represents the building of Destination Oriented Directed Acyclic Graph (DODAG) using OF0 or MRHOF with a set of constraints/metrics, the purpose is to calculate the best path, the node can operate with multiple OFS concurrently because the distribution varies greatly in different network topologies and different objectives may need to transmit traffic with different necessities of route superiority. The objective function does not require the metric and restrictions however does impose some rules to form the DODAG. One of the responsibilities of the network layer is delivering packets to the destination nodes via multiple hops separating the source node from the destination node. The routing table allows the packet to gain knowledge of the next hop neighbor node, the routing tables is populated by routing protocols. RPL builds a logical routing topology graph which is constructed ended a physical network to come across a assured measures and the network supervisor decides to have www.ijacsa.thesai.org multiple direction-finding topologies operating at the same time used to transmit the stream of traffic with multiple set of requests. Any node in the network can join one or more graphs, in this case they are called RPL occurrences and label the traffic tolerating to the graph characteristics.
The authors [9] provide the comparison for both OFs performances in a light density network under two different topologies (grid, random). RPL supports peer-to-peer communication which means any node in the graph in communicate with any other node in the same graph. When a node communicates with another node in the LLN network, the packet moves 'upwards' to a parent and 'downwards' to the destination.
III. PERFORMANCE EVALUATION
The main point of this study is to investigate the performance of the RPL in terms of OFs under two different topologies. A comparative study of broadcast mechanisms of RPL in IoT in conducted. Broadcast mechanisms using the rooted DAG-like logical structure maintained by the unicast routing protocol in RPL will be introduced and their performance will be studied in order to create a new broadcast mechanism with self-pruning to make the RPL OFs performance more efficient.
A. Results and Deduction
The experiments are conducted under the medium density network which consists of (50, 65, 75 and 85) nodes using random and grid topologies and with a Fixed RX=60.The RPL behavior in terms of power consumption and packet delivery ratio and is investigated. The OF0 was installed and results were obtained. Figure 2 shows the behavior of the PDR based on a fixed value of RX=60 and a various number of nodes for the grid and the random topology using the objective function OF0. In the Grid topology, the PDR increased between the 50-65 nodes but it decreased between the 75-85 nodes, this shows that the PDR is more efficient when using the OF0 in the grid topology when the density is between 50-65 nodes. In the Random topology, the PDR increased between the 50-65 nodes, the PDR also increased at 75 nodes and above, this shows that the PDR is more efficient when using the OF0 in the random topology when the density is between 50-65 nodes and above 75 nodes. Vol. 7, No. 7, 2016 19 | P a g e www.ijacsa.thesai.org Figure 5 shows the presentation of the power depletion based on a fixed value of RX=60 and a various number of nodes for the grid and the random topology using the objective function MRHOF. In the Grid topology, the Power Consumption increased gradually as the number of nodes increased, this shows that the Power Consumption is not efficient when using the MRHOF in the grid topology when the density is between 50-85 nodes. In the Random topology, the Power Consumption increased gradually as the number of nodes increased, the power consumption was almost stable between 65-85 nodes. This shows that the Power Consumption is more efficient to use MRHOF in the random topology when the density is above 50 nodes. Figure 6 shows that the PDR of Objective Function Zero is roughly 0.956%, and that the PDR of MRHOF is around 0.97%. In Figure 7 , the values of the PDR of MRHOF is approximately 0.97%. The average Packet Delivery Ratio of OF0 decreases as the number of nodes increases. In Figure 8 , shows the appearance of power depletion with OF0 and MRHOF in the Random Topology, power depletion of MRHOF which is around 1.29% and the power depletion of OF0 is approximately 1.50% using Random Topology. Figure 9 shows the behavior of the Power Consumption has almost stable figures for both MRHOF and OF0 when the Packet Reception Ratio=60% and in a Medium Density Network. 
IV. CONCLUSION
This research proved that the Routing Protocol for Low power and Lossy networks is extremely demanding upon using the Objective function Zero and Minimum Rank hysteresis Objective Functions in terms of Packet Delivery Ratio and Power Consumption in the Medium Density Network. It has been revealed that the Packet Reception Ratio is best when it is equal to 60% for both Objective functions in the relation to Packet delivery ratio and Power Consumption. The best performance of The Routing Protocol for Low power and Lossy networks performances is at its best when the network density is between 50-65 motes for the RX=60% in the Grid and Random Topologies.
